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[57] ABSTRACT

Head-mounted illuminating apparatus, including a vi-
sual image pickup means and an audio pickup means for
transmittal to a remote station.

- 8 Claims, 10 Drawing Figures
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1
HEADLIGHT

BACKGROUND OF THE INVENTION

For many years, the need for a physician and other
type of worker to illuminate his work area (where fine

work 1s to be done) has been supplied by the use of a

concave mirror with a central axis aperture for the
physician to look through. At times the normal room
hight has been supplemented by a high-intensity incan-
descent hght associated with the mirror. With the ad-
vent of fibre-optics, it has been common practice to

bring the light down to the desired work area by use of

10

a fibre-optic cable that is attached to the head band of s

the apparatus. It has recently became more and more
important that the image of the work area be made
available for observation by students and for keeping a
record of the operation. Since the surgeon’s head blocks
any view from behind him, a television camera or movie

camera necessarily had to operate from the side and, of

course, could not possibly see the same image as the
surgeon. With many situations (where the operation is
taking place deep within a body cavity, for instance) a

20

television camera located at the side does not see any of 25

the manipulation involved in the operation. It has been
suggested that a television or movie camera be attached
to the headband adjacent the illuminating means, but
the suggested constructions for doing this involved a
number of problems. First of all, having both the illumi-
nation and the camera directed at the work area is a
problem, since the work area can change in various
respects. Furthermore, the width of conventional
equipment means that a large object must be inserted
between the surgeons eyes, so that he has to move his
head around to observe his work area. Often only one
eye at a time would be able to look at the operation site.
Furthermore, it would be desirable if, during the opera-
tion, the surgeon were not only able to send a picture to
a remote station of the operation in color, but also to
describe verbally what is happening. Not only could
this be used for instruction purposes, but also for mak-
ing a record of the operation for use in a possible mal-
practice suit or the like. These and other difficulties
experienced with the prior art devices have been obvi-
ated in a novel manner by the present invention.

It 1s, therefore, an outstanding object of the invention
to provide a headlight capable of not only illuminating
the work area, but also transmitting a video image and
an audio signal to a remote location for use in instruc-
tion and recording.

Another object of this invention is the provision of a
headlight for surgeons in which a visual image and
sound transmittal takes place without the need for atten-
tion by the surgeon.

A further object of the present invention is the provi-
sion of a headlight including a combination illumina-
tion, T.V. transmittal, and audio transmittal apparatus,
in which the surgeon only need adjust the illuminating
means and the other functions perform automatically.

It 1s another object of the instant invention to provide
a medical headlight in which illuminating means and
image transmittal means are arranged so that they do
not block the surgeon’s view.

A still further object of the invention is the provision
of a surgical headlight which is simple in construction,
which is economical to manufacture, and which is capa-
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2

ble of a long life of useful service with a minimum of
maintenance.

It 15 a further object of the invention to provide a
headlight in which the illumination source, image trans-
mission, and audio transmission are combined in appara-
tus which is relatively narrow, so that vision is not
obstructed when the apparatus is located between the
eyes.

It 1s a still further object of the present invention to
provide a headlight in which the illumination area and
the image pickup area remain coextensive despite sub-
stantial adjustments relative to the headband.

With these and other objects in view, as will be ap-
parent to those skilled in the art, the invention resides in
the combination of parts set forth in the specification
and covered by the claims appended hereto.

SUMMARY OF THE INVENTION

In general, the invention consists of a headlight hav-
Ing a headband adapted to fit snugly on a human head
above the eyes and a main housing with an illuminating
lense and a viewing lense extending from a narrow
surface of the main housing. The viewing lense includes
an integrated circuit chip acting as a light-to-electrical
signal transducer. The set of lines of the lenses lie in a
vertical plane that is midway between the users eyes
and Intersect at a substantial distance from the said
surface. A bracket holds the housing in the general level
of the eyes of the user and midway between the eyes,
the bracket permitting adjustment of the housing rela-
tive to the eyes. The adjustment permitted consists of
distance, level, and angle in the vertical plane. A light
source fibre-optic cable extends from the top of the
housing and is connected to the illuminating lense. A
communication cable which is connected to the view-
ing chip and which also extends from the top of the
housing transmits an image to a viewing screen that is
substantially the same as the image seen by the eyes. A
microphone is mounted in the lower part of the housing.

Specifically, the illuminating lense generates a light
beam of sufficient diameter that it is intersected by the
centerline of the viewing lense over a wide range of
distances from the housing surface. The centerline of
the viewing lense is located midway between the eyes
of the user and is located on a level therewith, so that
the image picked up is exactly the same as the image
seen by the eyes. The diameter of the two lenses and the
thickness of the housing is very small, so that neither
housing nor lenses interferes with the users line-of-sight.
The bracket consists of a link that is pivotally attached
to the rear of the main housing to provide a horizontal
ptvotal axis that is midway between the centerlines of
the two lenses; because of this arrangement, angular
adjustment can take place with a minimum of change in
vertical and horizontal location of the elements relative
to the headband and to the users eyes.

BRIEF DESCRIPTION OF THE DRAWINGS

The character of the invention, however, may be best
understood by reference to one of its structural forms,
as 1llustrated by the accompanying drawings, in which:

FIG. 1 is a side elevational view of the headlight
embodying the principles of the present invention,

FI1G. 2 1s a perspective view of a portion of the head-
light,

FIG. 3 is a plan view of the headlight,

FIG. 4 1s a rear elevation view of the headlight,

FIG. 5 is a front elevational view of the headlight,
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FIG. 6 is a bottom plan view of the headlight,

FIG. 7 is a left hand side elevational view of the
invention,

FIG. 8 is a right hand side view of the invention,

FIG. 9 is a vertical sectional view of the headlight
taken on the line VII—VII of FIG. 2, and

FIG. 10 is a partially-sectioned view of a part of the
apparatus taken on the line VIII—VIII of FIG. 7.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring first to FIG. 1, which best shows the gen-
eral features of the invention, the headlight, indicated
generally by the reference numeral 10, is shown as hav-
ing a headband 11 mounted on the head 12 of a user,
such as a surgeon, whose eyes are indicated by the
reference numeral 13. Mounted on the headband 1s a
main housing 14 having a surface or face 17 directed
toward the operating area. From the face 17 extends an
illuminating lense 15 and a viewing lense 16. The cen-
terline A—A of the lense 17 and the centerline C—C of
the lense 16 lie in a vertical plane midway between the
user’s eyes 13. They intersect at a substantial distance
from the face 17. A bracket 18 holds the housing 14 on
the level with the eyes 13 of the user and lies midway
between the eyes. The bracket permits the adjustment
of the housing 14 relative to the headband 11 and the
eyes. The adjustment permitted is of distance, level, and
angle in the said vertical plane.

The light source fibre-optic cable 19 extends from the
top of the housing 14 and is connected to the illuminat-
ing lense 15. A communication cable 21 also extends
from the top of the housing 14 to transmit an image to
a viewing screen (not shown) that is substantially the
same as the image seen by the eyes 13.

As is evident in FIGS. 2 to 8, the housing 14 is a right
parallelepiped and the face 17 is a narrow rectangular
shape whose width is such that the eyes 13 can observe
the work area on either side of the unit without interfer-
ence by the housing or lense.

Referring to FIG. 9, it can be seen that a microphone

22 is mounted in the bottom of the housing 14 and 1s

provided with a cable 23 leading into the communica-
tion cable 21 and is connected eventually to an ampl-
fier, a loudspeaker, and a recorder at a remote location.

The illuminating lense 15 forms part of a system
shown and described in the Kloots U.S. Pat. No.
4,516,190 which issued on May 7, 1985. As such, the
lense 15 receives light from a mirror after the light
arrives in a fibre-optic cable 19 from a light source that
is well known in the art. The light beam that leaves the
lense 15 has a large diameter and, since its centerline
A—A is at a slight angle to the centerline C—C of the
viewing lense 16, the viewing lense will pick up an
illuminated area over a wide range of distances from the
face 17 of the housing. The viewing lense is inter-
changeable with a set of lenses of different focal length
to permit viewing over various distances. The center-
line of the viewing lense C—C is between the eyes 13 of
the user and on a level therewith, so that the image
picked up is exactly the same as the image seen by the
eyes.

A transducer in the form of an integrated circuit chip
24 is located in the housing behind the viewing lense 16
that acts as a light-to-electrical transducer, the electrical
signal being carried back into the communication cable
21. The chip 24 is of the well-known type in which light
images which strike the surfaces of the chip are con-
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verted to electrical signals that can be removed by an
electrical cable and placed on a CRT screen at a remote
location. In the preferred embodiment, the chip 24 is
made by SONY and identified by them 1s their Type
1CX016K. The chip has 384 horizontal picture elements
and 491 vertical picture elements with a sensing area of

8.8 mm. by 6.6 mm. Its horizontal drive frequency 1is
7.16 mega Hz (2 Fsc) and a vertical drive frequency of
15.75 XHz. Its structure is that of an interline transfer

charge couple device and the cell size is 23.0 micro-
meters (horizontal) by 13.4 micro-meters (vertical).
This chip can be used in either the NTSC, PAL, PAL-
M, or the SECAN system.

Referring particularly to FIGS. 9 and 10, 1t can be
seen that the bracket 18 is provided with a link 27 that
is attached by a pivot 28 with the rear of the main hous-
ing 18 to provide a first horizontal pivotal axis that 1s
midway between the centerlines of the two lenses 15
and 16. The link is attached at the other end by a pivot
29 to the headband 11 to provide a second horizontal
pivotal axis that is on the level above the first pivotal
axis. In this way, angular adjustment can take place
with a minimum of change in vertical and horizontal
location of the lenses relative to the headband and the
users eyes 13. Suitable means is provided tn the pivots
28 and 29 to adjust the friction, so that the adjustments
take place readily and still maintain location during
activity of the user.

As is particularly evident in FIG. 5, the housing 14 1s
provided with spaced parallel sides 25 and 26 which
define the surface 17. The distance between the sides 18
less than the distance between the users eyes 13, and the
lenses 15 and 16 are small enough to be entirely encom-
passed between the sides, so that neither housing nor
lenses interfere with the users line-of-sight.

The operation and advantages of the present inven-

 tion will now be readily understood in view of the
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above description. The apparatus is provided with ex-
ternal remote equipment which generates a twin beam
F.O. halogen light passing through the cable 19. Fur-
thermore, the microphone 22 is connected by its cabie
23 to suitable audio amplifying equipment which in turn
is connected either to loudspeakers or to recording
equipment to record sound during the operation. The
video lense 16 is located to project an image onto the
chip 24 which is connected by electrical cable to suit-
able amplifying and raster equipment to provide for
reproducing the image on a cathode ray tube screen in
the well-known manner. Initially, the headband 11 is
placed on the head 12 of the surgeon and he then adjusts
the position of the housing 14 by moving it about the
pivots 28 and 29 associated with the bracket 18. Because
of the way that the pivots 28 and 29 are constructed,
suitable friction is provided, this being associated with
the fact that the halves of the pivot are screwed to-
gether in the presence of Belleville springs to adjust the
friction. The pivot 28, for instance, consists of two
halves 31 and 32 which are screwed together and are
locked by a set screw 33. Belleville springs 34 are suit-
ably located between the heads of the halves 31 and 32
to press against the link 27 and allow for adjustment of
friction in the pivot. A certain amount of adjustment of
this friction is desirable before the apparatus 1s to be
used in the operating room. The light beam emitted by
the illuminating lense 15 is projected downwardly
against the work area where the operation is taking
place. The surgeon’s eyes 13 lie substantial distances on
either side of the sides 25 and 26 of the housing 14 so he
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is able to observe the work area without it blocking his
view. The centerline C—C of the viewing lense 16
always intersects the viewing area and moves with the
- beam from the lense 15, despite any adjustments relative
to the headband 11 and despite any movement of the
surgeon’s head as he works. This means that the image
picked up by the viewing lense 16 (and carried back to
the chip 24) is exactly the same image observed by the
surgeon as ne works. This means that, ultimately, any

observer of the CRT screen will see exactly what the

surgeon sees. Furthermore, if a recording is made of the
proceedings, the recording shows exactly what the
surgeon sees and does. This, combined with the fact that
the surgeon will be describing the operation verbally
for the receipt by the microphone 22, makes for a com-
plete educational demonstration of the surgical opera-
tion, as well as the possibility of making a complete
record of it for use (for instance) in a malpractice suit.

It can be seen that the present invention has a number
of decided advantages over the equipment of the prior
art. First of all, the use of an audio pickup microphone
22 at the bottom of the housing 14 means that it is
readily available for the surgeon to describe his proce-

dures. The use of the integrated circuit chip 24 provides
for an image of great clarity and discrimination to be
carried back to the educational demonstration unit or to

the recording equipment. The fact that the centerline of

the viewing lense 16 is directly in line with the lines
extending from the eyes 13 of the surgeon to the work
area, means that the image is exactly the same as that
observed by the surgeon. When he moves his head or
moves the housing 14 (to have the beam from the illumi-
nating lense 15 fall on the area in which he is working),
he is automatically causing the viewing lense to observe
what his eye sees. This overcomes the problem of the
prior art where T.V. cameras or the like were located to
one side of the surgeons head and the operators are
underfoot. It was impossible, of course, to shoot the
T.V. camera line-of-sight through the surgeon’s head
and, therefore, in many instances a true picture of the
procedure could not be picked up. The use of the inte-
grated circuit chip for transmitting the image over-
comes the problem that the fibre-optic transmission had
in the past of giving a weak signal with poor resolution.
The present apparatus, therefore, makes it possible to
- enjoy a coaxial line-of-vision mode in the instruction of
students and the recording of operations (similar to
surgical procedures). This is particularly important
where the user is operating in a deep narrow cavity or
close to the operation, such as in a interocculor lense
insertion in the eye. One of the attributes of the appara-
tus that makes these advantages possible is the use of
small lenses mounted in the housing 14, so that there is
no blocking of the surgeon’s view, even in the case of
persons whose interocculator distance is small.

It is obvious that minor changes may be made in the
form and construction of the invention without depart-
ing from the material spirit thereof. It is not, however,
desired to confine the invention to the exact form herein
shown and described, but it is desired to include all such
as properly come within the scope claimed.

The invention having been thus described, what is
claimed as new and desired to secure by Letters Patent
is:

1. Headlight, comprising:
(a) a headband adapted to fit snugly on a human head
above the eyes,

10

15

20

25

30

35

40

6

(b) a main housing having an illuminating lense sys-
tem and a viewing lense fixedly mounted in and
extending from one face of the main housing, the
centerlines of the lenses lying in a vertical plane
midway between the user’s eyes and intersecting at
a substantial distance from the said face,

(c) a bracket holding the housing on a level with the

eyes of the user and midway between the eyes, the
bracket permitting adjustment of the housing rela-
tive to the eyes, the adjustment permitted being of
distance, level, and angle in the said vertical plane,
(d) a light source fibre-optic cable extending from the
top of the housing and connected to the illuminat-
ing lense system to provide it will light,

(e) a light-signal to electrical-signal transducer lo-

cated in the housing behind the viewing lense, and

(f) a communication cable connected to the tranducer

and extending from the top of the housing to trans-
mit an image from the transducer to a viewing
screen that is substantially the same as the image
seen by the eyes.

2. Headlight as recited in claim 1, wherein a micro-
phone is mounted on a lower portion of the housing,
and a cable extends from the microphone into the com-
munications cable.

3. Headlight as recited in claim 1, wherein the illumi-
nating lense system rceives light from the fibre-optic
cable and generates a light beam of sufficient diameter
that the focal point of the viewing lense lies within the
beam over a wide range of working distances from the
housing face.

4. Headight as recited in claim 1, wherein the center-
line of the viewing lense is located midway between the
eyes of the user and on a level therewith, so that the
image picked up is exactly the same of the image seen by
the eyes.

5. Headlight as recited in claim 1, wherein the trans-
ducer 1s in the form of an integrated circuit chip.

6. Headlight as recited in claim 1, wherein the hous-
ing is provided with spaced, parallel sides defining the

- said face, the distance between the sides being less than

43

the distance between the user’s eyes, and wherein the
lenses are entirely enclosed between the sides, so that
neither housing nor lenses interferes with the user’s
line-of-sight.

7. Headlight as recited in claim 1, wherein the bracket

- consists of a link that is attached by a pivot to the rear

30

53

60

65

of the main housing to provide a first horizontal pivotal
axis that 1s midway between the centerlines of the two
lenses and that is attached by a pivot to the headband to
provide a second pivotal axis that is on a level above the
said first pivotal axis, so that angular adjustment can
take place with a minimum change in vertical and hori-
zontal positioning relative to the headband and the
user’s eyes.

8. Headlight, comprising:

(a) a headband, adapted to fit snugly on a human head
‘above the eyes,

(b) a main housing having an illuminating lense sys-
tem and a viewing lense fixedly mounted in and
extending from a narrow face of the main housing,
the viewing lense including integrated circuit chip
acting as a light-to-electrical signal transducer, the
centerlines of the lenses lying in a vertical plane
midway between the user’s eyes and intersecting at -
a substantial distance from the said face,

(c) a bracket holding the housing in the general level

- of the eyes of the user and midway between the
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eves, the bracket permitting adjustment of the grated circuit chip and also extending from the top
housing relative to the eyes, the said adjustment of the housing to transmit an image from the chip
being of distance, level, and angle in the said verti- to a viewing screen, which image is substantially
cal plane, the same as the image seen by the eyes, and

(d) a light source fibre-optic cable extending fromthe 5  (f) a microphone mounted in the lower part of the
top of the housing and connected to the illuminat- housing for receiving voice material for transmis-
ing lense system to provide it with light, sion to a remote location.

() a communication cable connected to the inte- £ %X ¥ ¥ %
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